Field studies were conducted from 2006 through 2008 to evaluate the effects of twin-row spacings, plant populations, and irrigation on cotton (Gossypium hirsutum L.) lint yields. Twin-row systems, consisting of twin 18-, 25-and 38-cm rows spaced equidistant from the top center on a 1-m bed at populations of 111,000 and 148,000 plants/ha, were compared to conventional single-row systems at equivalent populations. The experiments were performed under irrigated and non-irrigated conditions. Under irrigated conditions, there were no differences in lint yields between single-and twin-row systems regardless of plant population in 2007 and 2008. In 2006, lint yields of 25-cm and 38-cm cotton exceeded that of single rows. Under non-irrigated conditions, lint yield of 18-cm twin-row cotton was greater than other row spacings in 2008, and greater than 38-cm twin-row cotton in 2006 (P > F 0.08 Yr*Rs), regardless of population. The results indicated that 18-cm twin-row systems at populations typically used in single-row systems could increase lint yields under non-irrigated conditions depending on the year and rainfall.
Introduction
Twin-row (two crop rows on a single bed) production systems have been advanced as a means to increase yields compared to single-row systems. In row crops, such as corn, sorghum, soybean, peanut, twin-row production systems sometimes lead to yield increases (2, 4, 7, 11) although other reports indicate yields consistent with those obtained in single-row systems (8, 9, 12, 14, 18, 21) . In cotton, twin-row studies have produced the same inconsistency with some reports indicating increases with the twin-row system (3, 15, 16) and others showing no yield differences (1, 5, 10, 17, 19, 20, 22, 24) . Lint production increases were observed in twin-row systems irrigated with sprinkler (3) and trickle irrigation systems (15, 16) . The yield differences were due to increased boll density (number of bolls per m²) in twin rows rather than boll weight.
Cotton is typically grown in single rows on 0.76-to 1-m beds, and planter units and picker heads are spaced accordingly to facilitate harvesting. For twinrow cotton to be successful, planting, and more importantly, harvesting concerns need to be addressed because of the limitations of spindle pickers. Twin-rows of more than 19-cm would require specialized pickers. Twin-row spacings for cotton, other than those based on mechanical constraints of planters and pickers, may provide greater yields. Pickers to harvest twin-row cotton at row spacings of 38 cm are under development (22) , however 38-cm twin-row cotton has not produced a yield advantage. Plant population has also been a component of many cotton twin-row trials, and for the most part, increased populations have not resulted in increased yields (1, 3, 10, 19, 23) .
In Mississippi, cotton is furrow irrigated in the Delta to minimize water deficits but in hill regions cotton is not irrigated. In order to address whether twin-row systems may benefit growers, twin-row strategies need to be evaluated under irrigated and non-irrigated conditions and at several row spacings and plant populations. The objective of this study was to determine whether twinrow systems can increase yields compared to single-row cotton at two populations under irrigated and non-irrigated conditions.
Field Studies on the Effect of Plant Population and Row Pattern on Lint Yield
Studies were conducted from 2006 through 2008 at the Southern Weed Science research farm in Stoneville, MS. The soil series was a Dundee silt clay loam (fine-silty, mixed active, thermic Typic Endoaqualfs). The test area was planted in cotton the previous 7 years on 1-m beds. Each fall the existing beds were reformed, subsoiled, and again reformed. In the fall after bedding, fertilizer consisting of phosphorus, potash, and sulfur at 74-148-12 kg/ha was applied uniformly across the experimental area. In the spring just prior to planting, bed height was reduced from 24-to 12-cm by harrowing. Following emergence, 112 kg N/ha as urea ammonium nitrate solution was knifed-in to each side of the bed.
Plots were 12 m long by 4 m wide, with four 1-m rows per plot. Plots were overplanted (cv. Delta and Pine Land 454BR) and then thinned to either 111,000 or 148,000 plants/ha by hand 3 weeks after planting. Single rows were sown with a John Deere 7300 planter, and twin rows were sown at 18-, 25-and 38-cm with a John Deere 71 twin-row planter, a Monosem twin-row planter and a John Deere 1730 twin-row planter, respectively. Preemergence applications of fluometuron and metolachlor, each at 1.12 kg ai/ha were made immediately after planting. Subsequent weed control was achieved with glyphosate application at 0.84 kg ai/ha at the 1 and 4 leaf stages of development.
The irrigated and non-irrigated studies were conducted each as a randomized complete block design with 4 replications in the same field. Treatments were four row spacing configurations and two plant populations. In the irrigated study, test plots were furrow irrigated on 13 June, 13 July, 28 July and 7 August 2006; 15 June, 27 June, and 22 August 2007; 13 June, 10 July, 18 July, and 30 July 2008. Irrigations wetted soil 15 to 20 cm deep. Weed and insect control were standard for our region. Cotton defoliation was initiated when open bolls reached 50 to 60%. Bolls were hand harvested from one of the two center rows of the plot along a 4-m section. Boll numbers were recorded and samples were cleaned of burrs before ginning. Unopened and partially opened bolls were not harvested. The seed cotton was ginned with a ten-saw Continental Gin. Yields were based on the lint weight of the hand harvested sample expressed on a kg/ha basis (3, 15) .
Data were analyzed using PROC MIXED in SAS (SAS Institute Inc., Cary, NC). Data were combined when no significant (P ≤ 0.05) year interactions occurred. Treatment means were separated by Fischer's protected least significant difference test at P = 0.05.
Cotton Response to Twin Rows and Population
Over the course of the experiments, monthly rainfall totals and solar radiation were close to the 30-year averages with one exception (Table 1) . In July 2007, nearly twice the expected rainfall was received compared to the 30-year averages. July 2007 also had a marked decrease in solar radiation. Lint yields were different each year with or without irrigation ( Table 2 ). Under non-irrigated conditions, main effects of row spacing were significant for lint yield and boll number (P = 0.10), and the interaction of row spacing and year was significant for lint yield (P = 0.10). Under irrigated conditions, main effects of row spacing and population, and the interactions of year, row spacing and population for lint yield and boll number were not significant (Table 2) . Although a significant effect of row spacing on boll weight was found (Table 2) , the effect was not sufficient to translate into increased lint yield. Clawson et al. (6) stated that irrigation may contribute to yield stability across row spacings, which is supported by the yield data presented here. Table 3 ). The decrease in yield in 2007 compared to 2006 and 2008 may have been due to the excessive rainfall and cloudy conditions in July, a time which coincided with peak boll set and filling in our region. In 2007, the greater boll numbers in 25-cm and 38-cm twin rows compared to single rows were likely offset by the greater boll weights of single-row compared to 38-cm twin rows. The numerical increases in boll weight and boll number in 2006 may account for the significant yield increase of twin 25-cm and 38-cm rows over single-row cotton. Thus, twin-row systems would probably not provide an advantage over single rows under irrigated conditions. Under non-irrigated conditions, row spacing effects were significant (P = 0.10) for lint yield and boll number ( Table 2) . Analysis by year showed lint yields of 18-cm twin rows were greater than in 38-cm twin-row cotton in 2006 and other row spacings in 2008 (Table 4) contributed to increased yield of 18-cm twin-row (Table 4 ). In addition, boll number of 18-cm twin-row cotton was greater than other row spacings in 2008 indicating that number of bolls may also contribute to increased yield in some years (Table 4) . Oron (15) found that boll number was increased in twin rows compared to single rows whereas there were no differences in boll weight between row spacings (15, 16) . Management to increase boll retention, such as more attention to insect level thresholds, may also provide greater returns on yield. Table 4 . Effect of row spacing on lint yields, boll weights and boll numbers under non-irrigated conditions.
These results indicate that 18-cm twin-row spacings, which are capable of being machine harvested, may result in an additional bale of cotton from every two hectares under dry land conditions. There were no effects of population or population by row spacing interactions for lint yield, boll weight, or boll number (Table 4) indicating that plant populations need not be increased in twin rows. In 2007, there were no effects of row spacing on lint yields, boll weight and number, which was probably the result of yield stabilizing effects of greater rainfall. Lower boll numbers in 2007 may indicate greater boll shed that year. In twin-row cotton versus single-row cotton, light interception may be more efficient because plants are farther apart and the increased distance between plants may mitigate the conditions leading to boll shed.
Stand losses in cotton caused by wilt diseases were a serious problem at one time. In wilt prone areas, cotton used to be established at higher plant densities to overcome stand losses due to seedling disease. Studies with single and twinrow configurations showed that the incidence of wilt decreased as cotton populations increased (13) . Since then, the use of wilt tolerant lines combined with seed treatments containing fungicides have become standard practices in cotton production. The densities proposed here with the improved technologies available today for controlling wilt will allow twin-row systems to be established at the lower population of 111,000 plants per hectare reported herein without stand loss.
Summary
Twin-row cotton at a 18-cm row spacing achieved higher yields compared to single-row cotton under non-irrigated conditions when rainfall did not exceed yearly averages. Higher populations in twin-row systems provided no yield advantage. In the dry land production areas of Mississippi, twin-row system may improve yields without increasing seed costs, and permit harvesting with conventional spindle pickers. Irrigation or rainfall exceeding yearly averages may obscure the advantages of twin-row configurations. 
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